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Abstract
In this case report of orthodontic combined with orthognathic surgery, we demonstrate the effectiveness
of an aligner system in the treatment of asymmetric arch form. Without the help of temporary anchorage
device and inter-arch elastic, unilateral arch expansion and opposite side arch constriction were achieved
successfully. Cone-beam computed tomography was used to assess to evaluate the outcome and key to
success was discussed.
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CASE REPORT

Using Clear Aligners for Asymmetric Dental
Decompensation in Skeletal Class III Facial
Asymmetry Before Orthognathic Surgery
Yu-Ming Liang a,b, Szu-Ching Lee a, Jenny Fong a, Tzu-Ying Wu a,b,*
a
b

Division of Orthodontic, Department of Stomatology, Taipei Veterans General Hospital, Taipei, Taiwan
National Yang-Ming Chiao-tung University, School of Dentistry, Taipei, Taiwan

ABSTRACT
In this case report of orthodontics combined with orthognathic surgery, we demonstrate the effectiveness of an aligner
system in the treatment of asymmetric arch form. Without the help of temporary anchorage device and inter-arch elastic,
unilateral arch expansion and opposite side arch constriction were achieved successfully. Cone-beam computed tomography was used to evaluate the outcome and key to success was discussed. Taiwanese Journal of Orthodontics
2022;34(3):166e174
Keywords: Asymmetry; Arch form; Clear aligner; Orthognathic surgery

INTRODUCTION

T

ransverse dental compensation at posterior
teeth and tilting of anterior occlusal plane
were commonly observed in patients with facial
asymmetry. Strictly speaking, the posterior teeth
are often inclined to keep up with inter-arch occlusion.1 The mandibular molars and premolars on
the deviated side were often lingually tilted and
seemed narrower, and the posterior teeth on the
non-deviated side were buccally tilted at the same
time.2,3 Furthermore, the dental arch forms were
often skewed in both upper and lower arches. The
mandibular arch form on the non-deviated side is
often wider than that on the deviated side, while
the maxillary arch form on the non-deviated side is
often narrower than that on the deviated side.
To obtain sufﬁcient and stable surgical correction
in severe asymmetric cases, it is necessary to eliminate the extreme transverse dental compensation
and achieve dental arch coordination prior to surgery.1,4e6 In patients with posterior transverse
compensation, we often need to perform asymmetric mechanism achieving symmetric arch form.

Several methods could be applied, such as posterior
cross elastic or anterior diagonal elastic,5 and
combine with arch wire bending to achieve asymmetric arch form movement. However, unwanted
side effects, such as teeth extrusion and occlusal plane
canting may occur after long term inter-arch elastic
wearing.7 The temporary anchorage device (TAD) at
palatal side allows clinicians to create an asymmetric
anchorage system for the treatment of asymmetric
arch form over the upper arch.8,9 However, efﬁcient
arch form-controlling methods for the mandibular
arch have not been developed so far.
In this case report, we suggest a novel method to
achieve asymmetric arch movement without using
any inter-arch elastic or temporary anchorage devices for the control of the transverse arch form.
Three-dimensional cone-beam computed tomography (CBCT) superimposition was used to support
our treatment results.

CASE REPORT
Diagnosis and etiology
A 23-year-old male with a chief complaint of
reverse overjet and facial asymmetry was diagnosed
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as skeletal Class III hyperdivergent pattern
(Figure 1). Hyperdivergent proﬁle with obvious lip
line canting could be noted. The lateral cephalometric analysis showed that the SNA, SNB and SNMP angles were 80 , 82 , and 44 , respectively
(Figure 2). Skeletal Class III with negative OJ could
be noted from the lateral cephalometric radiograph.
Different ramus length could be noted in the
panoramic ﬁlm.
The patient had asymmetric frontal appearance
mainly due to the clockwise rotation of the mandible
in the yaw direction. Moreover, a counterclockwise
rotation was also noted in the roll direction from the
mid-face region to the chin button; obvious different
ramus height was observed from panoramic ﬁlm.
Maxilla roll rotation was coincided with the
mandible which ﬁt the direction of asymmetry.
Apparent anterior occlusal plane and lip line
canting (approximately 15 ) were generated by the
underline asymmetric skeleton. The upper dental
midline, lower dental midline, and menton point
deviated to the left side by 3, 8, and 14 mm,
respectively (Figure 3). The 3D analysis revealed
severe facial asymmetry dominant in rolling and
yawing. The anterior and posterior view shows that
the length of ramus is longer on the right side than
the left side; the counterclockwise roll rotation could
be easily observed. The submental view indicates
that the mandible is shifted to the left side with
clockwise rotation in the yaw direction.
Intraoral examination revealed an asymmetric
Class III molar relationship with 2 mm overjet and
overbite (Figure 4). Dental midline deviation of
5 mm and cross bite over the left side could be
noted. Moreover, the posterior teeth already
demonstrate the transverse compensation with
lingual and buccal tilting over the left and right side.

Figure 2. Pre-treatment lateral cephalogram and panoramic ﬁlm.
Different ramus length was noticed from the panoramic ﬁlm (ramus
length in right side was longer).

A mushroom-shaped arch form was observed over
the upper right posterior dentition. Furthermore,
the lower dentition showed an extreme dental
compensation presented in the arch form and teeth
inclination. The mandibular arch was markedly
wider on the right side than on the left side. In
addition, the inclination of the mandibular left side
posterior teeth was markedly more lingually tilted
than that of the right side.

Figure 1. Hyperdivergent proﬁle with obvious lip line canting (Left up/Right down).
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Figure 3. The 3D analysis revealed severe facial asymmetry dominant in roll and yaw rotation.

Based on these ﬁndings, the patient was diagnosed with hyperdivergent skeletal Class III
malocclusion with severe facial asymmetry dominant in rolling and yawing. Extreme lower dental
compensation in the transverse direction was noted
with the anterior open bite.

the extraction space via third molar protraction. This
would prevent the possible development of a periodontal pocket caused by the extensive degree of
intrusion of the super-erupted second molar.
The second treatment option was to extract the
upper right third molar and intrude the upper right
second molar. This treatment plan would allow us to
maintain the second molar with larger occlusal
table. Both treatment plans required two-jaw
orthognathic surgery for the treatment of the Class
III asymmetric skeleton after arch coordination and
dental decompensation.
The third option was a camouﬂage orthodontic
treatment aiming to compensate the dentition
further with the asymmetry. Extraction of a lower
incisor or a lower right premolar would create the
space for anterior teeth retraction. However, this
treatment plan would leave the skeleton asymmetrical and may cause a periodontal burden during
anterior teeth retraction as compensation for the
Class III asymmetric skeleton.
After consultation, the patient selected the
following option as the ﬁnal treatment plan:

Treatment objectives and alternatives
In this case, the presurgical orthodontic goals
were arch coordination and transverse decompensation of the maxillary and mandibular arches. This
included correcting the posterior buccolingual
inclination of the lower arch and restoring the distorted upper arch. We planned buccal uprighting of
the mandibular left posteriors and lingual constriction of the mandibular right posteriors. This was
performed to seat the teeth in accordance with the
mandibular basal bone and allow complete surgical
correction of the facial asymmetry.
Several treatment options were considered. The
ﬁrst treatment option was to extract the extreme
elongated maxillary right second molar and close

Figure 4. Pre-treatment intraoral photographs: 5 mm lower dental midline deviation to left, and cross bite over the left side. Lower anterior teeth
showed crown tipping, posterior teeth revealed transverse dental compensation.
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1. Preoperative orthodontic treatment to include
extraction of the elongated maxillary right second molar, transverse decompensation of the
tilted molars, arch coordination of the asymmetric arch form.
2. Orthognathic surgery including Le Fort I
osteotomy and bilateral sagittal split ramus
osteotomies to correct the roll and yaw rotation,
and the ﬁnal touch of genioplasty was to
improve the chin contour.
3. Postoperative orthodontic treatment to ﬁnish the
occlusion.
4. Retention.

areas, the upper right premolar area was expanded
by 1 mm.
Regarding the lower arch, we needed to constrict
the lower right posterior dentition and expand the
lower left dentition to decompensate the tilted teeth.
A sequential tooth moving pattern was designed to
accomplish this treatment goal. Firstly, the lower left
posterior teeth were expanded by 1.5 mm. Secondly,
the lower right dentition was constricted after
completion of the left-sided expansion. Constriction
of the lower right posterior area was also performed
in a sequential manner. Constriction of the premolar area (1 mm) was followed by molar constriction
(2 mm).
A pre-operative CBCT was performed again for
the ﬁnal surgical plan simulation after 11 months of
decompensation and arch coordination (Figure 6).
The maxilla was rotated clockwise in the coronal
plane to correct the canted occlusal plane of the
maxillary arch. The right and left maxillary alveolar
bones were repositioned 5 mm and 1 mm superiorly, respectively. Additionally, the whole maxilla
was moved to the right side by 1 mm to ensure that
the upper dental midline matched the facial
midline. The distal segment of the mandible was
also rotated clockwise in roll to correct the canted
occlusal plane. Furthermore, a rotational mandibular setback in yaw was designed to correct the
asymmetry of the mandible. The planned setback

Treatment progress
Firstly, the patient was referred to the specialist
for treatment of decayed teeth and extraction of the
elongated upper right second molar. Subsequently,
the asymmetric arch form was treated using aligners
with a sequential moving pattern to ensure that
sufﬁcient anchorage would be preserved during the
movement of teeth (Figure 5). Asymmetric arch
expansion was designed over the upper arch. The
upper right third molar was protracted right after
the extraction of the upper right second molar. At
the same time, the upper right ﬁrst molar and left
posterior area were expanded by 5 and 1.5 mm,
respectively. Following expansion of these two

Figure 5. The Clincheck® design: initial teeth position (blue) and expected ﬁnal position (white) compare. The staging table showed lower molar
decompensation was initiated from Q3, and Q4 was set as anchorage at this stage.
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Figure 6. The preoperative CBCT and the two-jaw orthognathic surgery simulation.

length was approximately 5 mm measured from the
mandibular symphysis, and approximately 10.5 mm
at the right side. In addition, genioplasty with chin
anterior advancement (4 mm) and vertical reduction

(2 mm) was performed during surgery to ensure a
good proﬁle after surgery.
We placed miniscrews over the alveolar bone and
asked the patient to wear the inter-arch elastic from
screw to screw to stabilize the post-operative jaw
relationship (Figure 7). After the operation, the process required approximately 5 months to settle and
four months to maintain the occlusion, respectively.
The duration of the entire treatment was 19 months.
Treatment results
The post-treatment frontal facial photographs
showed a substantial improvement in asymmetry
(Figure 8). The lateral proﬁle photograph also presented a more harmonious lower lip and chin curvature. The facial asymmetry was successfully
corrected through the clockwise rotation of the
mandible and maxilla in the roll view and rotational
setback in the yaw of the mandible.
Regarding the intraoral examination, the upper
and lower jaws occluded well after the surgery and

Figure 7. The elastics were applied from screw to screw with diagonal
and vertical direction to maintain the jaw relationship. Patient were
also asked to massage the masseter muscle for muscle relaxation.

Figure 8. Post-treatment facial proﬁle.
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obtained a Class I occlusion at both sides with
favorable interdigitation (Figure 9). Symmetry of
buccolingual molar inclinations was obtained and
the basal bone ﬁrmly supported the molars, owing
to sufﬁcient elimination of the transverse dental
compensation of both arches by the preoperative
orthodontic treatment.
A post-treatment panoramic radiograph indicated
the absence of root resorption and alveolar bone
loss, with satisfactory root parallelism (Figure 10).
The examination of the bilateral temporomandibular
joint showed that jaw movements during mastication were within the normal range. Moreover, there
were no signs or symptoms of temporomandibular
joint disorder observed after treatment. The lateral
cephalometric superimposition presented fair dentoskeletal changes of the treatment (Figure 11).

forces between two objects exist in equal magnitude
and opposite direction regardless of the kind of
force system used. The opposite force is proportional to the number of teeth to be moved at the
same time.
Traditionally, the continuous arch wire provides
mainly a shape-driven force system and permits the
simultaneous movement of multiple teeth. Orthodontists may use ﬁrst- or third-order bending to
create the desired force for the simultaneous
movement of several teeth,1 and an inter-arch
elastic to enhance the desired force or to eliminate
the opposite force. While using the inter-arch
elastic,5 this mechanical design successfully creates
the desired horizontal force system; however, it also
induces unwanted tooth extrusion.7 Moreover, this
extrusion may compromise the correction in patients with severe roll asymmetry, such as in the
present case.
Nevertheless, several investigators have proposed
using two midpalatal orthodontic miniscrews combined with a transpalatal arch for the control of
transverse asymmetry.8,9 This design successfully
produces one-sided expansion and one-sided
constriction movement in the maxillary arch, and
also offers excellent vertical control. Regarding the
mandibular dentition, placing a miniscrew over the
buccal shelf area11 can produce one-sided expansion; nevertheless, this approach cannot constrict
the other side due to the limitation of screw insertion site.
Owing to the CAD-CAM process, the aligner
system can move teeth one by one. This signiﬁcantly
reduces the anchorage burden during tooth movement. The unmoved teeth are secured together with
a vacuum-formed aligner, and could offer excellent
anchorage while moving one tooth only. Therefore,

DISCUSSION
Orthodontists need to create asymmetric force
systems for the treatment of asymmetric arch forms,
either via a force-driven or shape-driven force system. The initial evaluation is crucial to help orthodontists set up an ideal arch form for these patients.
Hadadpour et al. determined that successful predictions of the arch form after treatment could only
be increased from 50% to 60% by orthodontists’ use
of digital software aids.10 However, that study
involved the use of a continuous arch wire rather
than an aligner system.
The aligner system has a superior arch-forming
ability owing to the computer-aided design and
computer-aided manufacturing (CAD-CAM) process, which allowed us to move teeth more easily in
a sequential manner. Furthermore, we should keep
in mind Newton's third law of motion stating that all

Figure 9. Final occlusion.
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we designed to expand the lower left side sequentially and constrict the right side sequentially after
completion of the left-side expansion. We superimposed the initial and preoperative CBCT to
evaluate the accuracy of tooth movement using the
Invisalign® (Align Technology, Santa Clara, Calif).
The occlusal superimposition of the initial and
preoperative CBCT showed that the movement
outcome was generally identical to that of our
design (Figure 11).
Several investigators previously evaluated the
accuracy of aligner treatment. According to Houle
et al., transverse expansions appear to be highly
predictable in aligner treatment, with rates of 72.8%
and 87.7% for the maxillary arch and mandibular
arch, respectively.12 However, the aligner system
could not control well the buccal-lingual root inclination. Our ﬁndings are consistent with those of
previous studies. The actual expansions over the
lower left ﬁrst and second molars were approximately 0.7 and 1.7 mm, respectively; these values
were almost identical to those obtained from the
initial software design (Figure 12).
To the best of our knowledge, this is the ﬁrst
report of posterior arch constriction using the
aligner system. Our superimposition indicated that
the actual lingual movement of the lower right ﬁrst
and second molars were approximately 0.6 and
1.2 mm, respectively (approximately 38% and 48%
of the initial design, respectively). Furthermore, the
ﬁrst and second premolar constrictions were 1 and
1.5 mm, respectively (approximately 70%e100% of
the initial design). It appears that the movement
accuracy is reduced from the anterior to posterior
teeth; this ﬁnding is consistent with those of previous expansion studies.13e15 These results may be
related to differences in the ability to exert an ideal
force on the tooth in different positions of a
continuous arch. In the consecutive dental arch, the
arch turning point (the corner of the arch, or the
canine position) is more resistant to distortion due
to its geometric shape, therefore, the middle would
exhibit a greater arch formemaintaining ability than
the ends of the arch, regardless of the exact aligner
or arch wire used.

CONCLUSION
Aligner systems are effective for the control of an
asymmetric arch form owing to the sequential
moving pattern, aligner systems are effective for the
control of an asymmetric arch form. These systems
offer good anchorage control in the transverse direction, particularly in asymmetric expansion and
constriction cases.

Fig. 10. Final cephalometric radiograph, panoramic ﬁlm and the
cephalometric superimposition of before and after treatment (black line:
before treatment, red line: after treatment).
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Fig. 11. The treatment simulation and the superimposition between initial (blue) and pre-operative (Yellow) CBCT.

Fig. 12. Three-dimensional superimposition between the initial CBCT (blue) and preoperative CBCT (yellow) to evaluate the results of transverse
decompensation.

It's more precise to perform initial surgical simulation assessment for orthodontists from a threedimensional perspective in advance, particularly for
patients with severe asymmetry, and design an
appropriate treatment sequence to accomplish the
ideal treatment outcome. Proper treatment goal and

mechanics design were the keys to better treatment
outcome.
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